Research Report
When two regions in the visual input share a border, one region is typically perceived as an object, whereas the other region seems to be part of a background that appears shapeless near the object's border (Fig. 1) . Recently, questions have been raised regarding where object segregation occurs in the visual hierarchy and what type of processing, if any, the ground side of a border undergoes. The traditional view, in place for a century, is that object segregation occurs early in processing and that semantics are accessed afterward by objects, and not by grounds (e.g., Zhou, Friedman, & von der Heydt, 2000) . Alternatively, semantic access may occur before object segregation and for objects that might be perceived on both sides of a border (Peterson, Cacciamani, Mojica, & Sanguinetti, 2012) .
Here, we report two experiments in which we examined whether semantic access occurs for a meaningful object that is suggested, but not consciously perceived, on the ground side of the border of a meaningless novel object. We did not test whether semantic access occurs when conscious perception is disrupted by visual masking or demanding attentional tasks; other researchers have shown that it does (e.g., Dehaene et al., 2001; Li, Vanrullen, Koch, & Perona, 2002; van Gaal & Lamme, 2012) . In those previous studies, the stimuli would have been perceived as objects rather than as shapeless grounds if they had not been masked (unattended). Hence, it remains possible that object segregation occurred before semantic access, as traditionally assumed, albeit without awareness. We used the N400, a negativegoing component of the event-related potential (ERP), to test this traditional assumption. The N400 is widely taken as an indicator of semantic processing of objects and a variety of other stimuli (Kutas & Federmeier, 2011) . This study builds on a previous one by Voss, Schendan, and Paller (2010) , who found that the N400 is reduced when meaningful, but not meaningless, line drawings are repeated. The N300, another ERP component related to 2
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semantic processing of objects (Hamm, Johnson, & Kirk, 2002) , was also assessed.
Experiment 1
Given the results obtained by Voss et al. (2010) , we predicted that if semantic processing occurs for regions of the visual field that are ultimately perceived as shapeless grounds, N400 repetition effects should be obtained for meaningless objects whose borders suggest meaningful objects on their ground sides, but not for matched meaningless objects whose borders suggest novel objects on their ground sides.
Method
Participants. Participants were 40 University of Arizona undergraduates. Because of recording problems, data from 2 participants were unusable.
Stimuli. The stimuli were 120 small, mirror-symmetric, enclosed white silhouettes (Trujillo, Allen, Schnyer, & Peterson, 2010) . Of these, 40 portrayed meaningful nameable objects (animals, plants, symbols) inside their borders and suggested only meaningless novel objects on the ground side of their borders (meaningful-object/ novel-ground silhouettes; Fig. 2 , top row). The remaining 80 silhouettes depicted meaningless novel objects (objects not encountered previously) inside their borders. Of these, 40 suggested portions of nameable meaningful objects on the ground side of their borders (novel-object/ meaningful-ground silhouettes; Fig. 2 , middle row). Note, however, that participants were not aware of the meaningful objects suggested on the ground side of these silhouettes. The remaining 40 novel silhouettes suggested novel shapes on both sides of their borders (novel-object/ novel-ground silhouettes; Fig. 2 , bottom row). Silhouette sizes (4.7° high × 1.8°−9.4° wide) were matched across types. The primary comparisons were between the two types of novel-object silhouettes, which were equated on low-level features known to affect ERP signals and object segregation (e.g., luminance, spatial frequency, convexity, and area; for additional details regarding the stimuli, see SM1 in the Supplemental Material available online). From left to right, the enclosed silhouettes depict a telephone, a turtle, and a clover; no meaningful objects are suggested on the outside of the silhouettes' borders. The stimuli in the middle row are novel-object/ meaningful-ground silhouettes. The insides of these silhouettes depict unique novel objects, whereas, from left to right, portions of sea horses, palm trees, and bells are suggested on the ground sides of the stimuli. (Only portions of the objects mentioned are portrayed, just as the Rubin vase/faces stimulus portrays only a portion of the face profiles on the outside.) These stimuli were designed so that participants would perceive the meaningless insides as the objects and would not be aware of the meaningful objects suggested on the outside. The stimuli in the bottom row are novel-object/novel-ground silhouettes. Like the silhouettes in the middle row, the insides of these silhouettes depict unique novel objects. In this case, no meaningful objects are suggested on the ground sides. Fig. 1 . A display portraying a black object. The black and white regions share a border. At the shared border, the black region tends to be perceived as the object (the border appears to be its bounding contour), whereas the white region tends to be perceived as a ground extending behind the object (the ground appears to be shapeless near the object's border). This black object is recognized as a saguaro cactus.
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Meaningful and novel silhouettes could not be equated for these features.
Procedure. Stimuli were presented on a 20-in. CRT monitor 90 cm from the participants using DMDX software (Forster & Forster, 2003) . Participants' heads were unrestrained. Their task was to classify the silhouettes as depicting real-world or novel objects. Responses were made via button press; assignment of the responses to the two response buttons was random.
Each trial began with a fixation cross (1,000 ms), followed by a silhouette (175 ms) and then by one of five masks (4.7° high × 9.4° wide) portraying black and white splotches (400 ms; see Fig. 3 ). The masks prevented afterimages. A question mark then appeared, prompting participants to respond. The order in which the silhouettes were presented was random, although each was repeated after four to seven intervening stimuli.
Electroencephalogram (EEG) data acquisition and analysis.
Participants sat in a dimly lit, sound-attenuated recording chamber. EEG signals were recorded using a 64-channel cap (Electrode Arrays, El Paso, TX) and a Neuroscan Synamps2 amplifier (Compumedics Ltd., Charlotte, NC) with a band-pass filter of 0.05 through 200 Hz and a sampling rate of 500 Hz. Impedances were less than 10 kΩ.
Continuous EEG data were visually inspected off-line to remove artifacts (using Neuroscan) and then imported into the EEGLAB toolbox (Delorme & Makeig, 2004) for MATLAB (The MathWorks, Natick, MA). Bad channels were interpolated with the spline interpolation function. (Subjects were excluded from analysis if there were more than five bad channels.) Next, data were down-sampled to 256 Hz. Independent component analysis was used to remove ocular and other artifacts with the ADJUST toolbox (Mognon, Jovicich, Bruzzone, & Buiatti, 2011) . Subsequent analysis was performed with in-house scripts utilizing EEGLAB functions. Data were rereferenced to averaged mastoids. Single 800-ms epochs, extending from 200 ms before stimulus onset to 600 ms after stimulus onset, were extracted from the continuous EEG for correct trials (i.e., trials on which participants responded "real world" for a meaningful-object/novel-ground silhouette or "novel" for a novel-object/novel-ground or novel-object/ meaningful-ground silhouette). Epochs were low-pass + + + Fig. 3 . Illustration of the trial sequence in Experiment 1. Participants fixated on a crosshair (1,000 ms), which was immediately followed by a silhouette from one of the three silhouette types (175 ms). Immediately after the silhouette, a pattern mask was displayed (400 ms). After the pattern mask disappeared, a question mark (not shown in the figure) prompted participants to indicate, via a button press, whether the silhouette was a "familiar/real-world" or "novel" object. This illustration shows a sequence of three trials. Nonparametric randomized permutation tests (n = 2,000) were performed in EEGLAB. For each test, the distribution of the statistic (t value or F ratio) was recomputed using permutations of subject-condition labels at sample time points from stimulus onset to 600 ms after stimulus onset (sampling rate = 256 Hz). For each test (t test or analysis of variance), the null hypothesis that data from the conditions entered into the analysis were interchangeable was tested. Bonferroni correction was used to guard against Type I error-rate inflation due to multiple electrodes and time points. (It should be noted that Bonferroni correction becomes more conservative as the number of data points increases; Maris & Oostenveld, 2007. 1 ) Permutation analysis is more conservative than standard parametric statistics because it lacks assumptions of normality. A 2 × 2 analysis of variance with the factors of novel-silhouette type (novel-object/novelground vs. novel-object/meaningful-ground) and presentation (first vs. repeat) was implemented; follow-up paired t tests compared first and repeat presentations within each type of silhouette (see SM2 in the Supplemental Material for more information regarding the statistical analysis).
Postexperiment questioning. The goal of this experiment was to use neurophysiological measures to assess whether semantic representations are accessed for meaningful objects when observers are unaware of the objects because they are suggested on the ground sides of meaningless objects' borders. Therefore, we used extensive postexperiment questioning to determine participants' state of awareness. After the experiment, a novel-object/ meaningful-ground silhouette (one not presented in the experiment) was used to illustrate the presence of a meaningful object in the ground. Participants were asked to indicate whether they had seen any real-world shapes on the outside of any of the silhouettes during the task and to name any such shapes that they recalled. Data from participants who indicated they were aware of the shapes were removed from the analysis regardless of whether they correctly recalled any objects. Fourteen participants were deemed aware by this procedure. We analyzed data from the 24 "unaware" participants (16 females, 8 males; all right-handed; mean age = 19.3 years).
Results
Participants categorized novel-object/novel-ground silhouettes (M = 94% correct, SD = 1%) and novel-object/ meaningful-ground silhouettes (M = 94%, SD = 1%) as "novel" equally accurately. They categorized meaningfulobject/novel-ground silhouettes (M = 90%, SD = 1%) less accurately than the novel silhouettes (M = 94%, SD = 1%), F(1, 23) = 6.18, p = .014.
Significant interactions between novel-silhouette type and presentation, all Fs(1, 23) > 4.57, ps < .05, revealed statistically different repetition effects for the two types of novel silhouettes in three time windows: 80 to 130 ms, 245 to 340 ms, and 350 to 370 ms (SM3.1 in the Supplemental Material shows the electrodes where this interaction was significant across the entire 600-ms window). Follow-up t tests revealed significant reductions with repetition in the negative-going ERP activity over fronto-central electrode sites in the N300 (250-300 ms) and N400 (300-500 ms) time ranges for novel-object/ meaningful-ground silhouettes, ts(23) > 2.29, ps < .05, but not for novel-object/novel-ground silhouettes, ts(23) < 1.14, ps > .05 (Fig. 4) .
This pattern of ERP effects is what would be expected if semantics were accessed for the unseen meaningful objects on the ground side of novel-object/meaningfulground silhouettes. Reductions with repetition were also found from 80 to 130 ms for novel-object/meaningfulground silhouettes, ts(1, 23) > 2.73, ps < .05, but not for novel-object/novel-ground silhouettes, ts(1, 23) < 0.69, ps > .05; this result suggests fast processing of the meaningful objects on the ground side of novel-object/ meaningful-ground silhouettes. (For additional results regarding early ERPs, see SM3.2 in the Supplemental Material. SM3.3 presents peak voltage differences for individual participants. See SM3.4 for an analysis of data from participants who reported being aware of the meaningful objects suggested by the ground side of the novel objects.)
As expected, negative-going ERP activity in the N300 and N400 time ranges was reduced with repetition for meaningful-object/novel-ground silhouettes as well, ts(23) > 2.12, ps < .05 (Fig. 4) . This analysis was conducted for descriptive purposes only, because the meaningful-object/novel-ground silhouettes were not matched to the novel silhouettes.
We also examined the late positive complex, an ERP component related to episodic memory retrieval of meaningful but not meaningless objects. Consistent with participants' reports of being unaware of the meaningful objects suggested in the grounds of novel-object/meaningful-ground silhouettes, results indicated that this component was significantly larger when meaningful-object/ novel-ground silhouettes but not novel-object/meaningful-ground silhouettes were repeated (ps < .05; see SM3.5 in the Supplemental Material).
Discussion
The attenuation of the N300 and N400 for repeated novel-object/meaningful-ground silhouettes but not for repeated novel-object/novel-ground silhouettes provides µv Fig. 4 . Results from Experiment 1. The waveforms show event-related potentials at site FCZ in response to first and repeat presentations. Shading indicates 95% confidence intervals. The black horizontal bars just above the abscissa in the middle plot indicate time periods when the analysis of variance and follow-up tests comparing the two types of novel objects revealed that negative-going activity was significantly reduced for repeat presentations compared with first presentations for novel-object/meaningful-ground stimuli but not for novel-object/novel-ground stimuli. Waveforms for the meaningful-object/novel-ground silhouettes are also shown. The black horizontal bars just above the abscissa indicate time periods when t tests indicated that negative-going activity was significantly reduced for repeat relative to first presentations. Alongside the waveform for each type of silhouette are two head maps. The one at the top shows in red the electrode sites at which differences between first and repeat presentations were significant (α = .05) in the 250-to 500-ms (N300, N400) time window (the nose is pointed up; t-test results are shown; see SM3.1 in the Supplemental Material for analysis of variance results). The bottom map in each pair is a topographic difference map (first -repeat presentation) of scalp potentials for the same latency range. The color key shows the size of the difference in microvolts. Darker blues indicate larger differences between first and repeat presentations. Sanguinetti et al.
the first neurophysiological evidence supporting the hypothesis that semantic representations are accessed for meaningful objects suggested but not perceived on the ground sides of objects' borders. A behavioral experiment using the novel silhouettes supports this interpretation: Peterson et al. (2012) observed speeded categorization of words as natural or artificial when objects from the same category were suggested on the ground side of prime silhouettes.
Experiment 2
To ascertain that semantic access underlies the N300 and N400 effects observed in Experiment 1, we preceded each silhouette with a word in Experiment 2. For a critical novel-object/meaningful-ground silhouette, the word named either the object suggested on the silhouette's ground side (match condition) or a different object (mismatch condition). If semantic access occurs for grounds, N300 and N400 responses to the novel-object/meaningful-ground silhouettes would be reduced in the match condition compared with the mismatch condition even though the semantic repetition involved stimuli from different modalities.
Method
Participants. Participants were 35 University of Arizona undergraduates. Eight were deemed aware on the basis of postexperiment questioning; their data were not entered into the primary analysis (see SM4.1 in the Supplemental Material). Most participants (80%) reported seeing words before meaningful-object/novel-ground silhouettes (see SM4.4 in the Supplemental Material). Five participants reported seeing words before novel silhouettes; because participants who saw the prime words in the novel-object/meaningful-ground match condition might have been more likely than other participants to become aware of the meaningful objects suggested in the grounds, their data were not analyzed. Data from 2 participants were unusable because of coding errors. Thus, we analyzed data from 20 "unaware" participants (13 females, 7 males; all right-handed; all speakers of English as a first language; mean age = 19 years).
Stimuli and procedure. The silhouettes from Experiment 1 were used. Participants' task was to classify the silhouettes as novel objects or real-world objects. On each trial, the silhouette was preceded by a masked word. The words presented before novel-object/meaningful-ground silhouettes named either the meaningful objects suggested on the ground sides or different objects (match and mismatch conditions, respectively; 20/condition). The 40 meaningful-object/novel-ground stimuli were also preceded by matching or mismatching masked words. In this case, the conditions were defined by the match with the object side of the stimuli rather than the ground side, given that there were no meaningful objects suggested by the grounds (20/condition). The 40 novelobject/novel-ground silhouettes (divided arbitrarily into two conditions) were included as filler stimuli in order to balance the numbers of meaningful and novel objects. Concrete words matched (in length and word frequency) to those preceding the novel-object/meaningful-ground silhouettes were shown before the filler stimuli. Stimuli were presented in two blocks. Silhouettes in the match condition in one block were presented in the mismatch condition in the other block; match and mismatch trials were presented in random order within each block, but the trials in each block were fixed across subjects. Block order was counterbalanced across subjects. No words were repeated.
The trial structure is shown in Figure 5 . Each trial began with a fixation cross (1,000 ms), followed by a forward mask of number signs that matched the length of the preceding word (e.g., "######"; 350 ms), then by a word (50 ms), and then by a random consonant string matched in length to the word (60 ms). Immediately afterward, a silhouette was presented (175 ms) and was followed immediately by a 400-ms mask. Finally, a question mark appeared, prompting participants to classify the silhouette with a button-press response.
Although the words were masked, the invisibility of the words is not critical for our design. What is critical is that (a) participants were unaware of the meaningful objects suggested in the grounds of the novel-object/ meaningful-ground silhouettes (see Results) and (b) the prime words and silhouettes differed in shape, so that any N400 repetition effects are clearly attributable to semantic access rather than to repeated shape features.
Results
Participants categorized novel-object/meaningful-ground silhouettes (M = 91% correct, SD = 1%) and novel-object/ novel-ground silhouettes (M = 91%, SD = 1%) as "novel" equally accurately. They categorized meaningful-object/ novel-ground silhouettes as "real-world" (M = 83%, SD = 1%) less accurately, t(19) = 4.8, p < .0001.
No block effects were observed (p > .05); therefore, data were collapsed across blocks. The central question in Experiment 2 was whether words that matched the suggested (unseen) meaningful objects in the novelobject/meaningful-ground silhouettes caused an N400 repetition effect. Therefore, we ran permutation t tests comparing EEGs in the novel-object/meaningful-ground match and mismatch conditions from silhouette onset to 600 ms after onset. We found that ERPs in the N300 and N400 time ranges were significantly reduced in the match condition compared with the mismatch condition (Fig.  6) , ts(19) > 2.24, ps < .05 (see SM4.2 in the Supplemental Material). Thus, the N300 and N400 amplitudes were reduced when the semantics of prime words and unseen meaningful objects on the ground side of silhouettes matched. Because the words and silhouettes differed in form, these repetition effects are likely due to semantic access rather than to shape features; thus, they extend the results of Experiment 1. The analysis also revealed that P1 ERP amplitudes were larger in the match than the mismatch condition for this silhouette type (see SM4.3 in the Supplemental Material). SM4.5 in the Supplemental Material presents peak voltage differences for individual participants.
Separate permutation t tests were run on the data from the meaningful-object/novel-ground match and mismatch conditions to ascertain whether standard N400 repetition effects were present. Unexpectedly, no between-condition differences were found, ts(19) < 1.02, ps > .05. We suspect that N400 repetition effects were absent because the words were unmasked in this condition: Participants reported seeing the masked words in the meaningful-object/novelground match condition but not in the other conditions (see SM4.4 in the Supplemental Material). The unmasking of the words likely interfered with the measurement of N400 effects.
ERPs were not analyzed for filler novel-object/novelground silhouettes because match and mismatch conditions could not be meaningfully defined for these silhouettes.
Discussion
These experiments provide the first neurophysiological evidence that semantic processing can take place for unseen meaningful objects on the ground side of perceived objects. In Experiment 1, N300 and N400 ERP repetition effects were obtained for meaningful objects suggested on the ground side of repeated novel silhouettes, even though participants were unaware of the presence of those objects. Experiment 2 replicated these results when semantics were accessed cross-modally. Our interpretation of the neurophysiological evidence is From left to right, the sequences illustrate trials with a meaningful-object/novel-ground silhouette (telephone), a novel-object/ meaningful-ground silhouette (portions of sea horses on the ground side), and a novel-object/ novel-ground silhouette. Participants fixated on a crosshair (1,000 ms), which was immediately followed by a forward mask (350 ms), a word (50 ms), and a random consonant string (60 ms). Next, a silhouette was presented (175 ms), followed by a pattern mask (400 ms) and then a question mark (not shown) that prompted participants to indicate whether the silhouette was a real-world or novel object. On a given trial, the word presented was either a match word (shown here) or a mismatch word (not shown; for an explanation, see the text). The mismatch words for the silhouettes in the figure were, from left to right, "chocolate," "guitar," and "zebra."
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buttressed by a recent behavioral experiment showing semantic priming from objects suggested on the ground side of the silhouettes . These results are contrary to the traditional serial-processing assumption that semantic representations are accessed only after object segregation and instead support a dynamic view of perception according to which more objects are evaluated by the visual system than are ultimately perceived (cf. Fahrenfort et al., 2012; Peterson & Skow, 2008) . These experiments surpass previous studies that tested only whether semantic priming occurs for regions that would have been perceived as objects had subjects been aware of the stimuli (e.g., Dehaene et al., 2001) , and did not investigate whether semantic priming occurs for regions that would have been perceived as shapeless grounds had subjects been aware of the stimuli. And they elucidate a seeming discrepancy between previous neurophysiological and behavioral results. Baylis and Driver (2001) and Kourtzi and Kanwisher (2001) failed to find repetition effects (using single-cell recordings and functional MRI, respectively) when a border was repeated but the object lay on opposite sides (object vs. ground) of the stimulus on the first and second presentations. Those results were taken to contradict behavioral evidence that the ground side of a border is processed for shape. This interpretation was not warranted because different objects were portrayed on opposite sides of the borders. In the present experiments, repetition effects indicating semantic access were observed when the location of the meaningful object relative to the border was held constant for the two presentations of novel-object/meaningful-ground silhouettes in Experiment 1, and when the semantics of the prime word matched those of the object suggested in the silhouette ground in Experiment 2.
In conclusion, our study shows that, contrary to the traditional view, semantic access does not occur only for perceived objects; it also occurs for the side of a border ultimately perceived as a shapeless ground. Theories of perception must be amended to account for these findings.
Supplemental Material
Additional supporting information may be found at http://pss .sagepub.com/content/by/supplemental-data µv Fig. 6 . Results from Experiment 2. The waveforms show event-related potentials at site FCZ in response to the novel-object/meaningful-ground silhouettes in the mismatch and match conditions. Shading indicates 95% confidence intervals. Significant differences between conditions are indicated by the black bars near the abscissa. Alongside the waveforms are two head maps. The one at the top shows in red the electrode sites at which the between-condition differences were significant (α = .05) in the 250-to 500-ms (N300, N400) time window (the nose is pointed up). The map at the bottom is a topographic difference map (mismatch condition -match condition) of scalp potentials for the same latency range. The color key shows the size of the difference in microvolts. Darker blues indicate larger differences between the match and mismatch conditions.
